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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
TECHNICAL NOTE NO., 323.

THE EFFECT OF THE WINGS OF SINGLE ENGINE AIRPLANES ON
PROPULSIVE EFFICIENCY AS SHOWN BY FULL SCALE WIND TUNNEL TESTS.
By Fred E. Weick and Donald H. Wood.

" Summary

An investigation was conducted in the Propeller Research
Tunnel of the National Advisory Committee for Aeronautics at
Langley Field, Virginia, to determine the effect of the wings
on propulsive efficiency. An open cockpit singlé engine fuse-
lage was tested with and without biplane wings and a closed
cabin fuselage with varying amounts of cowling was tested with
and wlthout a monoplane wing. A standard metal propeller and
"Whirlwind" engine were used. The wings are shown to cause a
reduction of from 1 to 3 per cent in propulsive efficiency,
which is about the same for the monoplane as for the biplane
wings. '

Introduction

Exfensive model tests, conducted by many agencies, have
furnished a great amoﬁnt of data on propeller-body interference.
In most of these tests the wings were left off and in consequence

,there are very little data on the interference between wings and
propellers. In this investigation the propulsive efficiency of a

standard metal propeller was obtained.on a single engine cabin
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fuselage with and without a monoplane wing, and also on an open
cockpit fuselage with and without biplane wings. The propeller
was tested at two pitch settings. The investigation was made in
the Propeller Research Tunnel of the National Advisory Committee
for Aeronautics at Langley Field, Virginia. A further investi-

gation is now being conducted in which the interference of na-

celles, propellers and wings is to be measured.
Methods and Apparatus

The Propeller Research Tunnel - its test equipment and
methods ~ have been described in Reference 1. The standard pro-
cedure there described was followed in these tests.

The fuselages have been designated as Nosa. 1, 2, 3, and 4,
and are shown in Figures 1, 3, 3, and 4, respectively. The open
cockpit No. 1 and the clesed cabin No. 2 have the entire engine
exposed. Closed cabin fuselage No. 3 has the engine partly
cowled, while No. 4 has the game amount of cewling but with a
gspinner.

The wing ueed on all the cabin fuselages was of 12-foot
span and 7-foot chord, with a thick section;(thtingen 387).

The 12-foot span was deemed sufficient to extend outside of

the propeller influence. A windghield to simulate that on an
actual alrplane was bullt into the leading edge above the fuse-
lage. T;il surfaces were not used because earlier tests had

ghown their influence on propulsive efficiency to be negligible.

. @i
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The wing is shown in place on fuselage No. 3 1in Figure 5. In
Figure 6, the wing has been removed. The wings for the open
cockpit fuselage were standard VE-7 biplane wings. They are
shown attached to fuselage No. 1 in Figure 7. This fuselage is
shown without wings in Figure 8. The engine was a standard
"Whirlwind" J-5 air-cooled radial,

The aluminum alley propeller was of standard Navy form with
detaéhable blades and 9 fegt in diameter. It was supplied by
the Bureasu of Aeronautics of the Navy Department., Its dimensions
are given in Figure 9 and its blade widths and thicknesses and
the pitch distributiom gre shown in Figure 10. A1l tests were
made at pitch angles of 15° and 33° at the 42-inch radius, - It
will be noted that there is a considerable washout of pitch to-
ward the hub at these settings.

As detailed in Reference 1, the torque dynamometer measures
all torque acting on the engine mounting. This measured tordque
inolgdes a small torque due to the twist of the slipstream which
acté on the exposed cylinders and special tests were made (Refer-
ence 2) to determine its magnitude. The results were applied as
a correction (amounting te as much as 3 per cent in some cases)
to the measured engine torque. | )

The resultant horizontal force of the propeller~body combi-
natiom, which may be either a thrust or a drag, was measured on

the regular balance (Reference 1l). This resultant horizontal

force R, is composed of three components, such that



A

= T - (D+ AD)
or R = T-D-AD (1)
vhere T = +the thrust of the propeller while cperating
in front of the body (the tension in the pro-
peller shaft).

D = +the drag of the airplane alone (without propeller)

at the same air velocity and density.

AD = the increase in drag of the girplane with propeller,

due to the slipstream.

To obtain the propulsive efficiency, which includes the propeller-

body interference, an effective thrust is used, defined as

‘ Effective thrust = T - A D
or from (1) = R + D.

The propulsive efficiency mn, then, is the ratio of the useful

power to the input power, or

Effective thrust X veloclty of advance .
Input power

This propulsive efficiency includes the increase in drag of all
parts of the airplane affected by the slipstream, and also the

effect of the body interference on the propeller thrust and power,

[
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The results have been reduced to the standard nondimensional

coefficients
Om = G&Effective thrust
- -T p n® D+
.. Input power
Cp p n® DB
n - &Effective thrust X velocity of advance

Input power

where D = propeller diameter, and n = revolutions per unit of
time,

Curves of thess coefficients for fuselage No. 1 are given
in Figures 11 to 14, Witﬁ experimental points marked, These
are typical of all the results. In Figures 15 to 26, the final
curvesg have been drawn for all the tests with curves for the
tests with wing and without wing on the same sheet. The curves
were obtained by fairing through the experimental points, as in
Flgures 11 to 14, The final adjuqted coefficients faken from
these curves are given in Tables I to VIII,

From inspection of the comparative curves, it is noted that
the propulsive efficlency with the wing in place is from 1 to 3
per cent lower than without the wing. The reduction in effi-
ciency is slightly greater for the high-pitch setting.

The monoplane wing causes about the same reduction in effi-

ciency as the biplane wings.

AT
A¥
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The wing seems to cause a small increase in aerodynamic
pitch as well as an increase in the thrust and power coefficients.
At the Exf for maximum efficiency the effect is mainly an in-—

crease 1n power coefficient.
Conclusions

1. The monoplane and biplane wings tested with cabin and
open cockpit fuselages caused a reduction in propulsive efficien-
cy of from 1 to 3 per cent.

28« The loss in efficiency was slightly greater at high
pitch settings.

3. About the same loss Was caused by the monoplane wing
as by the biplane wings.

Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,
Langley Field, Va., August 8, 19239.
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Firial Adjusted Coefficients

Fuselage No. 1 - with wing

TABLE I.

Propeller Ho. 44123
15° at 42 in.

535 O Op n

.10 .0849 . 0361 .335
.15 0811 . 0361 . 337
.20 .0773 .0361 . 428
.35 . 0730 .0380 . 506
* 30 .0683 . 0360 . 569
.35 . 0635 0355 .635
.40 .0581 . 0349 .665
45 .0530 .0338 7705
.50 .0473 . 0320 .738
.55 .0413 .0298 .76C
.60 . 0347 .0371 .768
.65 .0380 .0340 .759
.70 .0215 0203 .740
.75 0151 .0168 674
.80 .0083 .0137 .533
.85 .0019 .0083 .195

BN
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TABLE I (Cont.)
Final Adjusted Coefficients
Fuselage No. 1 ~ with wing
Propeller No. 4412

239 at 42 in.

=5 o o "
.10 .0941 . 0650 «145
«15 0943 . 0650 .318
«30 .0941 « 0650 « 390
«35 ‘ 0940 .0B50 » 362
« 30 0938 . 0650 . 433
« 35 .0930 . 0850 . 500
.40 .0921 .0649 567
«45 .0801 . 0649 635
. 50 .0873 .0648 673
« 55 =« 0830 .0645 « 706
« 60 0781 _ . 0638 « 735
«65 « 0730 « 0635 « 759
.70 .0870 .0805 775
.75 .0612 .0581 . 789
.80 .0543 « 0545 « 795
.85 . 0492 .05633 « 800
.90 | .0433 - .0488 .798
.95 0374 « 0448 « 794
1.00 .0308 0401 . 7786
1.05 .0258 .0351 W71
1.10 .0201 .0299 740
1.15 0141 .0240 .B75




N.A.C.A. Technical Note No. 3233
TABLE Il
Finagl Adjusted Coefficients
Fuselage No., 1 - without wing
Propeller No. 44123
15° at 42 in,
= oT op n
«10 . 0869 . 0363 « 340
«15 .0830 .0363 . 344
.20 .,07980 .038623 . 436
¢35 .0742 .0363 +516
« 30 . 0695 .0380 . 580
.35 . 0643 . 0356 . 631
« 40 0591 . 0348 877
o 45 . 0539 .0336 731
«50 . 0479 .0319 <750
«55 «0410 - +08393 770
+60 .0343 0364 .778
.65 0373 + 0330 + 768
.70 .0208 .0197 » 739
75 .0135 .0153 .6863
«80 .0088 . 0113 « 480
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TABLE II (Cont.)
Final Adjusted Coefficients
Fuselage No., 1 - without wing
Propeller No., 44123
23° at 42 in,

v
D G Op M
.10 0950 . 0651 «146
.15 . 0950 .0852 .318
.20 .0950 .0652 . 292
.25 » 0947 .0651 . 364
<30 .0943 .0850 » 435
«35 .0939 . 0650 « 505
<40 .0928 . 0650 L 570
.45 .0910 .0648 632
.50 .0880 <0643 ' .685
.55 0841 .08423 «720
«60 0791 . 0839 744
.85 .0739 .06233 . 770
.70 .0880 . 0604 . 789
.75 .0619 . 0580 800
.80 .0555 . 0558 .810
.85 «0490 .0512 .815
.90 0430 . 0475 .813
.08 . 0368 . 0431 .810
1.00 .0308 .0385 +800
1.05 .0248 .0335 s 776
1.10 .0186 .0380 « 739
1.15 .0120 .0218 .640
1.20 . 0059 .0L51 . 470
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TABLE III
Final Adjusted Coefficients
Fuselage No. 2 - with wing
Propeller No. 4413

15° at 423 in.

5¥5 O Cp M

.10 .0861 . 0360 .239
.15 .0833 .0363 . 341
.30 .0783 .0366 .437
.35 .0738 .0369 . 500
.30 . 0890 .0365 .567
.35 .0640 .03680 | .6323
.40 .0586 . .0350 .670
45 .0531 .0338 . 710
.50 0474 0330 .740
.55 J0411 .0298 760
.80 .0349 .02373 770
.85 .0286 .0243 .789
.70 .0334 .0210 746
.75 .0160 0174 .690
.80 .0103 .0138 .595
.85 .0043 . 0100 . 365
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TASLE III (Cont.)
Final Adjusted Coefficients
Fuselage No. 3 - with wing
Propeller No. 4413
23° at 42 1in,

v
=T Cr Cp n
.10 .0930 .0649 .143
.15 . 0939 .0854 .216
.20 . 0941 . 0680 . 286
.25 <0943 L0663 . 356
.30 .0938 . 0664 424
.35 .0934 . 0666 . 485
.40 ,0909 .0864 . 548
.45 .0883 L0861 .800
.50 . 0854 .06856 .850
.55 .0818 . 0850 .6923
.80 L0773 <0640 .735
.65 L0727 . 0629 7153
.70 .0B74 L0610 T4
.75 L0623 .0590 . 793
.80 .0574 .0566 .811
.85 .0521 .0539 .823
.90 <0487 .0506 .830
.95 . 0408 L .0465 .833
1400 . 0347 .0409 .829
1,05 .038%7 .0370 .816
1.10 .0228 0316 793
1,15 .0170 .0358 . 758
1.30 . 0109 .0197 ,B63
1.85 . 0050 © L0133 . 470

13
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TABLE IV
Final Adjusted Coefficients
Fuselage No. 2 — without wing
Propeller No. 4413
15° at 42 in.

, 5¥5 O Op n
.10 . +0860 ©.0341 « 353
.15 .0828 .0348 . 356
«20 .0785 .0350 <448
.25 0740 .0352 .525
« 30 .0694 «0350 595
.35 « 0645 03489 .645
« 40 .0590 .0343 690
. 45 +0534 .0333 721
.50 .0478 .0319 . 749
.55 <0418 - 02398 770
.80 +0353 .0371 .783
.85 .0391 .0243 .géz
.70 .0328 ~ .0210 7757
75 .0162 .0176 .890
80 0097 .0135 575
.85 0030 .0091 +380




N.A.C.As Technical Note No. 323
TABLE IV (Cont.)
Final Adjusted Coefficients
Fuselage No. 2 — without wing
Propeller No. 4413
23° at 42 in.

Vv .
) O - Op n
«10 .0958 » 0668 : 144
.15 0954 . 0666 314
. «30 « 0949 . 0664 . 286
«35 . 0943 . 0664 « 355
« 30 0931 . 0661 « 433
«35 .0930 « 0660 » 489
40 » 0906 . 0660 : « 550
.45 ,0888 .0858 .607
« 50 .0861 .0653 «660
«55 « 0830 . 0650 « 703
<60 .0792 .0644 738
+65 .0750 « 0636 « 765
.70 . 0899 0819 790
.75 0641 .0595 808
.80 0581 - +0566 .830
-85 .0519 0530 831
.90 »0454 .0486 .839
1.00 . 0335 . 0388 .837
1.05 .0264 © 0339 «830
1.10 ,0204 .0284 790
1.15 -.0147 0851 «730
1.20 0087 L0173 .B15
1,35 . 0035 .0114 « 380
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TABLE V.

Final Adjusted Coefficients
Fuselage No. 3 - with wing
Propeller No. 4412
15° at 42 in,

525 O Cp n

.10 .0856 0352 <243
.15 .0819 .0358 . 343
.20 0777 0360 +433
.25 L0731 .0380 . 509
.30 .0686 .0361 "~ .B70
.35 .0638 .0356 - .626
.40 .0587 0350 .870
.45 .0536 . 0340 <710
.50 .0481 .0327 735
.55 0426 .0309 .758
.80 L0370 - .0288 770
.65 .0308 .0260 .770
.70 .0248 .0230 .755
.75 .0188 .0199 707
.80 .0133 .0180 613
.85 .0081 .0119 . .435
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TABLE V (Cont.)
Final Adjusted Coefficients
Fuselage No. 3 — with wing
Propéller No. 4412
23° at 42 in,

D Cr Cp n
+10 «0054 .0681L « 1400
«15 « 0960 « 0684 « 2090
«20 + 0260 .0688 « 3790
«D . «0958 «0B680 - 034_?0
« 30 «0950 "« 0630 «4130
.35 . 0938 .0690 . 4780
« 40 . 0921 . 06390 » 5340
.45 . .0898 .0687 - 5880
.50 .0871 .0682 .6370
.55 -08%8 -0881 -6780
.60 .0796 - .06732 .7100
65 0743 « 0857 « 7410
-70 - 0899 -0640 - 7630
75 .0843 .0618 27800
.80 .0592 .0593 27980
85 «0534 .0563 « 8040
.90 .0477 . 0530 .8100
.95 « 0435 0488 . 8100
1,00 .0370 . 0458 « 8060
1.056 0318 .+ 0417 « 8000
1.10 «0364 0369 . «7880
1.15 .0206 .0311 .7600
1.20 .0150 .0257 <7000
1.25 « 0084 .0186 « 5650
1.30 0033 : .0120 3500
1l.32 « 0000 . 0080 « 0000
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Final Adjusted Coefficients

Fugelage No. 3 -~ without wing

TABLE VI.

Propeller No., 44123

15° at 42 in.

Exﬁ Cr Op n

.10 .0864 .0352 . 2345
.15 .0829 0357 . 348
.30 .0789 0360 . 438
.25 .0734 .0360 . 510
.30 .0897 .0359 .583
.35 0642 0353 636
.40 .0591 .0349 677
.45 .0538 0339 714
.50 .0476 .0333 . 740
.55 0419 .0303 .763
.60 .0359 .0376 778
.85 .0297 .0248 779
.70 .0328 .0213 . 751
W75 . 0257 L0177 696
.80 .0101 L0139 .580
.85 . 0040 0100 . 340
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TABLE VI (Cont.)
Pinal Adjusted Coefflicients
Fuselage No. 3 — without wing
Propeller No. 4412
23° at 42 in.

v
"D Or Op i
.10 0960 .0B76 142
.15 « 0860 .0678 + 313
« 20 «0959 .0678 « 383
.35 0953 .0676 . 353
.30 0945 0674 421
.35 .0932 .0873 .484
<40 09186 L0871 . 546
.45 .0895 0870 «800
«50 . 0869 » 0668 « 651
« 556 0833 0663 « 892
.60 .0792 .0858 .7223
.65 .0748 06844 753
5 « 0635 . 0608 . 7923
.80 L0577 .0573 .BC7
+85 «0819 « 0539 .818
.90 » 0460 " «0B00 «837
.95 « 0400 « 0459 «839
1.00 20340 0413 « 833
1.05 .0381 .0364 «810
1.10 « 0330 ,0310 «780
1.15 0164 .0358 7323
1.30 01086 .0303 «830
1.235 . 0045 .0140 « 402
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TABLE VII
Final Adjusted Coefficients
Fuselage Nos. 4 - with wing
Propeller No. 44123
159 at 423 in.

EXE T Op y
.10  .0861 . 0350 «346
.15 .0821 .0356 . 347
.20 | 0779 ~ .0359 . 434
.25 0733 .0360 . 509
« 30 .0683 . 0359 .570
.35 . 0630 .0354 .633
. 40 . 0580 .0349 .665
.45 <0534 .0338 699
«50 . 0470 .0323 .730
.55 0412 0301 .753
.60 | . 0356 .0278 : 769
.65 .0296 .0249 .766
.70 .0229 .02315 745
" .75 .0169 .0180 .703
.80 .0111 .0145 . .613
.85 . 0050 .0105 . 405
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TABLE VII (Cont.)
Final Adjusted Coefficients
Puselage No. 4 - with wing
Propeller No. 4412
33° at 42 in,

= Oy Cp M
.10 .0941 . 0673 .140
.15 .0948 0874 .211
.20 .0950 .0678 . 280
.25 .0949 0679 . 350
« 50 .0944 . 0679 .416
.35 .0936 .0880 . 481
.40 .0920 . 0879 541
.45 .0900 . 0676 .598
.50 .0873 s . 0671 .649
.55 .083%8 .0687 830
.60 0794 . 0680 .730
.65 .0745 . 0648 748
.70 .0692 .0840 768
.75 . 0840 .0610 788
.80 .0583 .0583 500
.85 .0535 .0553 ' .809
.90 . 0470 .0531 .810
.95 0415 .0488 .809
1.00 . 0359 . 0449 .800
1.05 0302 .0401 .790
1.10 .0348 . 0353 773
1.15 - .0188 .0396 735
1.20 0130 .0234 .B65
1.25 .0070 .0170 | .515
| ]
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Final Adjusted Coefficients

Fuselage No. 4 -~ without wing.

TABLE VIII.

Propeller No. 44123

15° at 42 in.

535 Cr Cp n

.10 . 0869 .0354 .245
.15 .0830 .0358 . 347
.30 .0789 .0360 . 438
.35 .0742 .0380 .515
.30 .0892 .0359 .578
.35 0841 .0352 .638
.40 .0588 0348 679
.45 L0541 .0338 713
.50 ,0475 .0320 J741
.55 L0417 .0301 782
.60 .0355 .0374 777
.65 .0391 .0243 777
.70 .0225 .0210 . 750
.75 .0161 L0174 .691
.80 .0101 .0140 575
.85 0040 .0100 340

21
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' TABLE VIII (Cont.)

Final Adjusted Coefficients
Fuselage No. 4 -~ without wing
Propeller No. 4412

23° at 43 in.

v
oD Cp . Op n
«10 «0241 « 0663 o142
« 15 .0944 0663 . 214
«20 + 0845 .0B65 . 284
«ab .0841 . 0666 « 353
30 .0938 .0687 422
+ 35 .0829 .0665 . 489
45 .0891 0661 .606
« D0 .0869 . « 0660 «659
«55 .0835 .0658 . 698
.60 . 0794 <0651 . 730
65 .0748 .0648 « 753
.70 .0898 0830 778
/5 <0639 «0602 . 795
.80 0579 0571 .809
«85 .0521 g « 0540 « 820
«90 « 0460 « 0500 .839
«95 « 0400 « 0457 <830
1,00 « 0342 .0412 . 828
1.05 «0285 +0366 .318
1.10 " 20238 .0318 .786
1.15 .0185 .0360 730
1.20 .0105 0200 «630
1.25 « 0043 - «0140 « 380
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Fig.1l Propeller No.4412 (15° at 42") on fuselage No.l with wing.
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Fig.12 Propeller No.4412 (23° gt 42") on fuselage No.l with wing.
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Fig.14 Propeller Yo. 4412 (23° at 42") on fuselage No.l without wing.
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Fig.24 Propeller No 4412 on fuselage No.4
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